Abstract. Cement production, which results in higher CO 2 levels, has a negative impact on environment. This phenomenon has caused the emergence of a new type of environmentally friendly cement, such as Portland Composite Cement (PCC). On the other hand, rainfall becomes high acidity level. This will be an issue in the construction of concrete, which causes concrete deterioration if value of pH is below 6. The purpose of this study is to investigate corrosion caused by acid rainfall when used PCC cement mixed with RHA. RHA replacement level of 5%, by weight of cement was used in this study. The compressive strength design was 30 MPa. The simulated acid rain solution was prepared by mixing solution of H 2 SO 4 and HNO 3 to reach value pH of 4. The deterioration was measured by the number of corrosion product using SEM test. The results indicate a decrease in the number of component corrosion that occurs by using ASP.
Introduction
It is well known that production of cement is costly, consumes high energy, depletes natural resources and emits large amounts of green house gases. Therefore concrete technology has focused on other alternatives which can be used as cement replacement materials in concrete. Researchers have been searching all the time for cheap and easily available cement replacement materials, like industrial and agricultural wastes which are pozzolanic in nature. This calls for the use of sustainable binders. One of the most promising materials is the rice husk ash (RHA). It is one of the agricultural wastes and pozzolanic [1, 2] .
Concrete mixture containing up to 25% RHA as a replacement of OPC produced the same strength as the concrete containing 100% OPC. Higher proportions (40%) of RHA could be used for non-structural works where strength is not critical [2, 3] . The chloride resistance of RHA blended cement concrete increased with increasing the RHA replacement level. Concrete containing 10% and 20% RHA replacements showed excellent durability to chloride attack [4] .
On the other hand, rainfall becomes high acidity level. This will be an issue in the construction of concrete, which causes concrete deterioration if value of pH is below 6. H + in acid rain dissolves Ca(OH) 2 in the hardened cement paste and that SO 4 2-also corrodes it. The dissolution effect of H + will lead to the reduction of Ca(OH) 2 concentration in the concrete specimens [5] . Nowadays, Cement Type I, known as OPC cement type is rarely sold in the Indonesian market. PCC type of cement is now starting to replace the type of cement OPC. This caused a lot of research discuss PCC cement. In this study, we discuss how the effect of acid rain on the concrete type of cement concrete using PCC and RHA as a replacement of cement material in concrete mix.
Materials
Cement. The Portland composite cement (PCC) was used as the major binder material in this study, to product 30 MPa of strength concrete. The chemical compositions of the PCC, which was carried out using SEM-EDX, are listed in Table 1 . Rice Husk Ash. The rice husk ash was collected from brick manufacturing that uses rice husk as fuel. Fig. 1 presents the mineralogy of RHA was obtained with X-ray diffraction (XRD). This analysis was carried out to ascertain the mineralogical phases (amorphous or crystalline) of the RHA. It showed a hump, representing it as amorphous silica, making it a proper cementreplacement material due to its high pozzolanic activity. [ 2, 3, 4, 6] .
Aggregates. In this study, natural siliceous river sand (fineness modulus of 2.6 and specific gravity of 2.42) is used as fine aggregate crushed granite (maximum nominal size 20 mm and specific gravity of 2.3) as coarse aggregate.
Superplasticizer. Utilization RHA with PCC reduced workability of the concrete mixture. In order to maintain its workability, a superplaticizer was used. The type of Sikamen-LN was used and its specific gravity was 1.20.
Methods
Specimen Preparation. Cube concrete specimens that were 150 mm x 150 mm x 150 mm were prepared for tests. The cement, sand and course aggregate content was 402 kg/m 3 , 705 kg/m 3 and 1071 kg/m 3 , respectively. The control mix was prepared using PCC. RHA replacement level of 5%, by weight of cement was used in this study.
Simulated Acid Rain Environment. The specimens were divided into two groups. The first group was immersed in water with a pH value of 7. The second group was immersed I solution with pH value of 4, which cover average value of the acidity of acid rain in Indonesia, through mixing sulfate and nitric acid solution for 90 days [7] . They were subjected to a 6-day cycle; they immersed for 5 days and then naturally dried them at room temperature for 1 day [5] .
Tests. Test carried out on concrete specimens with and without RHA after immersion in acid solution for 90 days. To find corrosion product, little hardened specimens were ground into powder for scanning electron microscopic analysis (SEM-EDX).
Results And Discussions
Results of Concrete Corrosion Products with and without RHA. The corrosion products of the concrete specimens N-W and N-A were measured. Meanwhile, the corrosion products of the concrete specimens RHA-W and RHA-A were measured. Table 2 shows corrosion product formed after immersion in for 90 days. Discussions. The chemical compositions of the N-specimens are compared with those of the RHA-specimens after immersed in acid solution. Fig. 2 shows the differences of corrosion products of the both concrete types. It images that the amount of all component increased for specimens without RHA, except Al 2 O 3 and MgO and CaO. On the other side, i.e., specimens with RHA, it is happened the opposite that the all components decreased except MgO and FeO.
The major components in the hardened cement paste are hydrate calcium salts such as hydrate silicate, hydrate calcium aluminosilicate and Ca(OH) 2 . The H + and SO 4 2-will react with the hardened cement paste of the concrete specimen as follows [5] : Ca(OH) 2 (6) It is obvious that the percentage of CaO after soaking increased. This is consistent with the reaction in Eq. 6, the end product of the reaction is still containing the compound of CaO. Although sulfuric acid decomposed Ca(OH) 2 to other compounds, which is showed by reaction in Eq. 1 and Eq. 3, but these compounds further reacted with Al 2 O 3 . This was shown by the decrease in the percentage of Al 2 O 3 in concrete.
The presence of RHA, which contains high silica, has caused a decline in CaO content after soaking in acid. This is because Ca(OH) 2 bound by silica into the new CSH compounds (shown in Eq. 7). Silica also reacts with Al 2 O 3 but CASH forming compounds, so the content of Al 2 O 3 is also reduced, although not as much as the reduction that occurs in concrete without RHA (shown in Eq. 8). SiO 4 4-+ 1. 
The new CSH compounds and CASH have a more dense structure, thus making the concrete has low permeability. This led to a decline in the content of SO 3 in specimens using RHA. Compounds can withstand SO 3 infiltration into the concrete, it results a huge increase of SO 3 content in specimens without RHA.
Conclusion
Addition RAH can reduce corrosion caused by acid rain. It can be seen from the content of corrosion products occurred: 1. A decrease in the content of CaO and SO 3 . The CaO and SO 3 content of the concrete without RHA were increase 35.41% and 92.90%, respectively. Meanwhile, the CaO and SO 3 content of the concrete with RHA were decrease 13.61% and 17.53%, respectively, indicating the ability of concrete to block the entry of acid. 
